Lipase activity was significantly lower in the group fed milk replacer, which was poorer in fat. Amylase activity was higher in this group, perhaps due to the starch products present in the milk substitute. However, the postnatal evolution of chymotrypsin activity followed a similar pattern regardless of diet.
INTRODUCTION
In nonruminants the adaptation of pancreatic enzymes to the kind of food available is one of the physiological advantages that allow animals to use nutrients and energy for metabolism as efficiently as possible.
The content of the major digestive enzymes in pancreatic tissue changes proportionately in response to the amounts of their respective substrates: protein, carbohydrate, and fat (Sabb et al., 1986; Wicker & Puigserver, 1987) . The changes in tissue enzyme concentration are accompanied by similar changes in secretion (Ben Abdeljlil & Desnuelle, 1964) .
The adaptation of the exocrine pancreas to dietary changes in various species such as rat, dog, pig, and chicken has been described (Dror et al., 1976; Ballesta et al., 1990; Ricketts & Brannon, 1994; Lhoste et al., 1995) . In the rat, pancreatic amylase (EC 3.2.1.1) and lipase (EC 3.1.1.3) adapt quantitatively to the amount of their respective substrates in the diet (Sabb et al., 1986) . The relation between the two hydrolases changes when the proportion of their respective substrates varies reciprocally (Snook, 1971) . Changes in amylase are the inverse of those in lipase: amylase activity declines as the amount of dietary fat increases (Sabb et al., 1986; Wicker & Puigserver, 1987) . In humans, studies of dietary influence on pancreatic enzymes have been conducted only in infants (Pitchumoni & Scheele, 1993) . In premature infants (Zoppi et al., 1972) , it was observed that a starch-enriched diet stimulated an increase in amylase levels. In rat pups during premature weaning (change in dietary carbohydrate), an early increase in amylase levels has been noted (Lee et al., 1982) .
Ruminants rely essentially on the same complement of digestive enzymes as do nonruminants to perform the assimilation of dietary components. The digestive processes in the small intestine of the ruminant possess only subtle differences from those of the nonruminant.
However, knowledge of the adaptive response to nutritional manipulation is poor. In fact, nutritional regulation of the digestive enzymes has received limited study in ruminants (Harmon, 1993) , especially during the preruminant stage.
In a previous work (Naranjo et al., 1997) we studied exocrine pancreatic secretion in chronically catheterized suckling goats, and we indicated a likely adaptation to dietary constituents (maternal milk vs a milk substitute), similar to that described in rat, rat pups and infants. The aim of the present study is to investigate if those changes in pancreatic enzyme secretion (Naranjo et al., 1997) are accompanied by changes in the content of the major enzymes in pancreas homogenates. For this purpose, we have determined pancreatic enzyme activities, as well as total protein concentration, and body and pancreas weight, in goat kids fed a milk replacer from postnatal day 3 until 28 days of age and compared the results to those previously obtained in kids fed maternal milk (López et al., 1997) .
MATERIALS AND METHODS

Animals and diets.
A total of 25 preruminant Granadina breed goats were used without sex or birth weight distinction. After birth the animals were separated from their mother and housed in individual stalls located in a thermostated room, and bottle-fed ad libitum from postnatal day 3 to day 28. Until the age of 3 days, kids were fed colostrum from the mother. Thereafter, they were fed a milk replacer until they were aged 28 days. All animals were bottle-fed at 35°C twice a day; the milk replacer (17% w/w) was prepared prior to feeding.
The milk replacer was a commonly marketed one: skimmed milk powder (45%), animal fat (25%) mixed by low pressure dispersion, milk serum powder (13.5%), soya bean protein concentrate without antinutritional factors (3.5%), starch products (10%), vitamins, minerals and amino acids (3%).
The composition of the milk replacer (and also of goat milk, for comparison) is shown in Table 1 . Fatty acid and amino acid composition of the milk substitute are the same as those previously used in a study on biliary secretion in goats (Rueda et al., 1996) .
Time-course of experiments. For analyses, 5 kids were slaughtered by exsanguination at 3, 7, 14, 21 and 28 days of age after 16-17 h fast. All animals were weighed immediately before slaughter.
The pancreas was removed through a medial laparotomy incision as quickly as possible and placed on a glass plate in contact with a cold ( Ϫ20°C) alcohol bath. It was defatted, deveined and washed in 0.9% saline. The cleaned pancreas was weighed and separated into four pieces which were frozen in liquid nitrogen until analysis.
Analytical methods. The enzyme activity of the pancreas as well as its protein content were determined in the ground pancreatic tissue.
Homogenates of 500 mg samples of pancreatic tissue were prepared for the different analyses in a omnimixer placed in chopped ice. The homogenates were diluted with 5 ml of the buffer used for each pancreatic enzyme determination, and centrifuged at 1500 g for 10 min at 4°C to obtain the supernatant used in the determinations.
Total protein was determined with the technique of Lowry et al. (1951) , and the results were expressed as mg/g pancreas.
Amylase activity was measured with the technique of Guilloteau et al. (1983) , using soluble starch as substrate. The amount of maltose released was determined colorimetrically, and the results were expressed as units of amylase activity (U), defined as mg of maltose released after 20 min from a 10% (wt/vol) soluble starch substrate at 37°C.
Lipolytic activity was determined by the technique described by Negrel et al. (1976) , by titration at a constant pH (8.5), using tributyrin as substrate. Units of lipase activity were defined as the amount of lipase able to release 1 µmol of acid/min at 27°C.
Chymotrypsin (EC 3.4.21.1) activity was assessed by using acetyltyrosine ethyl ester (ATEE) as substrate and estimating its hydrolysis by a pH stat titration (pH 7.9) with 0.1 N NaOH (Reboud et al., 1962) , being expressed in µmol of ATEE hydrolyzed per min.
For all pancreatic enzymes, we calculated activity (U/g pancreas), specific activity (U/mg protein) and total pancreatic activity (U/pancreas). 
RESULTS
The values of body weight, pancreas weight, total protein concentration, and pancreatic enzyme activities in the kids fed colostrum until day 3 and then fed milk substitute afterwards are shown in Table 2 . Amylase activity and specific activity increased significantly at 7 and 14 days of age with respect to day 3, and decreased afterwards. Total amylase activity increased significantly at postnatal day 7 and remained unchanged until the end of the experimental period.
Concerning lipase activities, no significant changes became apparent between days 3 and 21, although values tended to increase from the second week onwards. Finally, significant increases were found at 28 days of age.
Chymotrypsin activity was not modified throughout the entire study period. Specific activity was significant at days 14 and 21 in comparison to day 3. Total chymotrypsin activity was significant at 21 and 28 days of age.
DISCUSSION
The major observation in kids fed milk replacer after day 3 was an increase in amylase over 2 weeks, followed by a late decrease (week 4). For lipase, a trend to increase reached statistical significance only at week 4. The evolution is clearly different from those observed previously in kids fed maternal milk, and can be related to the differences in carbohydrate and fat composition between the two diets. In contrast, the postnatal evolution of chymotrypsin was similar whatever the diet.
Amylase. The pancreatic tissue content of amylase followed a different pattern in the two diets: the 7-day old kids that had received a milk replacer showed values of activity, specific activity, and total activity significantly 568 DIET AND PANCREATIC ENZYME CONTENT IN KIDS Table 2 . Body weight, pancreas weight, total protein concentration and pancreatic enzyme activities of 3-day old kids fed colostrum, and 7-, 14-, 21-and 28-day old kids fed milk replacer.
Age (days) 3 7 14 21 28
Body weight (kg) 1.8 ± 0.09 2.9 ± 0.2 3 3 ± 0.2 3,a 3.7 ± 0.2 3,7,14,a 5.2 ± 0.3 3,7,14,21 Pancreas weight (g) 2.3 ± 0.3 3.4 ± 0.05 3 3.6 ± 0.4 3,a 5.5 ± 0.3 3,7,14 7.8 ± 0.5 3,7,14,21 Total protein (mg/g pancreas)
1.6 ± 0.1 1.1 ± 0.05 3 0.9 ± 0.04 3 0.9 ± 0.1 3,a 1.2 ± 0.2 3,14 Amylase U/g pancreas 0.9 ± 0.04 1.6 ± 0.1 3,a 1.4 ± 0.1 3 0.9 ± 0.17 7,14 0.8 ± 0.2 7,14,a U/ mg protein 0.57 ± 0.06 1.49 ± 0.03 3,a 1.5 ± 0.18 3 0.9 ± 0.14 7,14 0.7 ± 0.14 7,14,a U/ pancreas 2.1 ± 0.3 5.3 ± 0.5 3,a 5.1 ± 0.9 3 4.8 ± 0. Chymotrypsin U/g pancreas 0.82 ± 0.1 0.99 ± 0.18 0.99 ± 0.1 0.9 ± 0.04 0.9 ± 0.14 U/ mg protein 0.5 ± 0.05 1.0 ± 0.12 1.1 ± 0.12 3 1 ± 0.08 3 0.7 ± 0.26 U/ pancreas 1.9 ± 0.27 3.3 ± 0.57 3.5 ± 0.51 5.1 ± 0.16 3 6.7 ± 1.24 3,7,14 a Significant differences ± P < 0.05 as compared to kids fed maternal milk (López et al., 1997) . 3,7,14,21,28: significant differences among ages.
higher than those fed maternal milk (percentage of change relative to the latter, 91.7 Ϯ 30.0%, 75.8 Ϯ 33.6%, and 77.3 Ϯ 13.9%, respectively), and also significantly higher than kids fed colostrum (Table 2 ). In the previous work performed with kids given goat milk (López et al., 1997) , the authors suggested that the increase in amylase activity was due to the increase in pancreas weight with age and not to dietary influences. However, in the present study, total pancreatic amylase activity did not change between days 7 and 28 despite of the progressive increase in pancreatic weight with age (Table 2) . Thus, the high pancreatic amylase content in 7-day old kids (group S) may be associated with the composition of the diet. The milk replacer was richer in carbohydrate and poorer in fat than the maternal milk. Additionally, it contained 10% starch products. It is likely that dietary starch induced pancreatic amylase via the known effects of absorbed glucose on insulin secretion and increased serum insulin concentrations on pancreatic amylase mRNA levels (Adler & Kern, 1975; Korc et al., 1981) .
During premature weaning in rat pups, an early increase in amylase levels related to dietary carbohydrate has been noted (Lee et al., 1982) . Likewise, in premature infants it has been observed that a starchenriched diet stimulated an increase in amylase levels in duodenal aspirates (Zoppi et al., 1972) . These results also agree with reports indicating greater pancreatic amylase concentrations with increased starch intake in ruminants (Clary et al., 1969; Janes et al., 1985) .
An important aspect of dietary influence on pancreatic enzymes is associated with weaning. This process involves the gradual transition from a high-lipid, lowcarbohydrate diet to a high-carbohydrate, low-lipid diet. In addition, the form of carbohydrate changes from lactose to sucrose and starch. Therefore, it seems that the adaptive response occurs in ruminants in a similar manner to that observed in nonruminants, and increases in pancreatic amylase with increased starch intake (Kreikrmeier et al., 1990 ) may be consistent with the proposed controlling mechanism for nonruminants whereby glucose and insulin interact to control pancreatic amylase production. Moreover, our results are in accordance to those reported by us in a previous work (Naranjo et al., 1997) in preruminant goats chronically catheterized. In that study, it was observed that in the animals fed the same milk substitute, the concentration and output of amylase in the pancreatic juice were significantly higher than in the animals fed maternal milk.
Lipase. Feeding the milk replacer resulted, in kids aged 14 days, in total lipase activity values significantly lower as compared to kids fed goat milk (percentage of change relative to the latter Ϫ40.6 Ϯ 24.1%). In the former, lipase activities increased steadily from the second week of life, probably due to the increase in pancreas weight (Table 2 ). In fact there was a significant linear positive correlation between age and pancreas weight, and total lipase activity and pancreas weight (r ϭ 0.79; P Ͻ 0.05). In contrast, total activity did not change in the animals fed maternal milk (group M) from day 14, in spite of the progressive increase in pancreas weight with age (López et al., 1997) . These results are again in accordance to those previously reported (Naranjo et al., 1997) . Obviously, the concentration and output of lipase in the pancreatic juice were significantly higher in group M.
These differences in pancreatic lipase concentration between the groups could be related to the effect of the dietary fat content directly or through a hormonal regulation by secretin. Thus, whether ruminants fed increased quantities of dietary fat will adapt with increased secretion of lipase is not known (Harmon, 1993) , but in nonruminants it is now quite clear that pancreatic lipase adapts quantitatively to the amount of its substrate. Concerning secretin, this gastrointestinal hormone has shown to increase pancreatic lipase concentration (Brannon, 1990) . Accordingly, after the ingestion of maternal milk, the pattern of pancreatic secretion in terms of flow rate and electrolyte levels gives preference to secretin release as a consequence of continuous (Ͼ 8 h) abomasal emptying and acid pH in the duodenum, whereas CCK hormonal mediation appears to exist in the case of kids fed milk replacer (Naranjo et al., 1997) .
Chymotrypsin. Present and previous results (López et al., 1997) evidenced a similar evolution for chymotrypsin activities whatever the diet. This absence of difference is in agreement with data obtained by catheterization of the pancreatic duct (Naranjo et al., 1997) . In this case, the concentration and output of chymotrypsin in the pancreatic juice secreted in resting conditions and in response to food were similar in both groups. These results are also in accordance to those of Khorasani et al. (1989 Khorasani et al. ( , 1990 in calves fed different diets. It appears, then, that some differences exist between monogastrics and ruminants in relation to the levels of proteolytic enzymes at birth. Such levels are low in monogastrics (Corring et al., 1978) and high in preruminants (Sauvant, 1971; Guilloteau et al., 1985) and do not further change during the lactation period in the latter.
V. LÓPEZ-PALOMO ET AL.
The steady increase with age of the total chymotrypsin activity is due to the increase of pancreas weight (Table 2 ). There is a significant positive linear correlation between the two parameters in both groups (group M: r ϭ 0.72, P Ͻ 0.05 (López et al., 1997) ; group S: r ϭ 0.74; P Ͻ 0.05).
In conclusion, our results seem to confirm that in preruminant kids there is nutritional regulation of pancreatic enzymes, specifically amylase and lipase, similar to that described in nonruminants.
